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MINE-VENTILATION  STOPPINGS. 


By  R.  Y.  Williams. 


PURPOSE  or  REPORT.  • 

In  this  report  an  attempt  is  made  to  discuss  the  first  cost  of  each 
of  several  types  of  mine-ventilation  stoppings,  as  well  as  the  total 
annual  expense  of  maintaining  a  stopping  during  its  required  period 
of  service.  Such  data  furnish  a  basis  for  comparison  of  the  efficiency 
of  the  different  types,  and  are  of  great  importance  to  an  engineer 
planning  the  development  of  a  mine.  The  data  given  were  obtained 
through  an  investigation  conducted  under  a  cooperative  agreement 
between  the  Bureau  of  Mines,  the  Illinois  Stpte  Geological  Survey, 
and  the  department  of  mining  engmeering  of  the  University  of 
Illinois.  The  report  itself  is  published  by  the  Bureau  of  Mines  as  a 
contribution  to  the  literature  on  safety  and  efficiency  in  coal  mining, 
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METHOD  OF  PRESENTING  COST  DATA. 

The  method  adopted  for  presenting  cost  data  in  this  report  is  as 
follows : 

All  the  mstallation  and  maintenance  charges,  including  first  cost, 
maintenance,  renewals,  and  emergency  repairs,  have  been  reduced 
to  an  annuity  basis  so  as  to  show  the  amount  of  money  that  must 
be  set  aside  annually  to  cover  the  upkeep  and  to  provide  for  the 
amortization  of  capital  at  the  current  rate  of  interest  for  a  given 
term  of  years. 
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Because  the  Illinois  State  mining  law  specifies  the  minimum 
amount  of  air  that  must  be  delivered  to  each  man  per  minute,  and 
because  the  sole  purpose  of  each  stopping  built  m  crosscuts  between 
the  fan  and  the  face  is  to  prevent  the  air  of  the  ventilating  current 
from  passing  through  the  crosscut  in  which  the  stopping  has  been 
built,  the  cost  of  air  leaks  through  stoppings  may  be  found  by  deter- 
mining the  additional  horsepower  required  by  the  fan  to  deliver 
air  from  the  surface  to  the  stopping  through  which  the  air  leaks. 

As  an  illustration  of  this  method  of  presenting  data  and  as  an 
explanation  of  the  terms  used,  let  it  be  assumed  that  a  number  of 
main-entry  stoppings -are  to  be  built  for  a  service  of  15  years.  The 
items  for  labor  and  material  in  budding  the  stoppmgs  are  mcluded 
in  ''first  cost";  the  cost  of  labor  and  material  required  each  year  to 
make  the  stoppings  efficient  or  tight  is  included  under  "maintenance 
charges."  In  case  the  material  used  m  buildmg  the  stoppings  has 
an  average  life  of  only  five  years,  the  charge  for  the  additional  stop- 
pings that  must  be  buiH  to  give  the  15-year  service  comes  mider  the 
head  of  "renewal  repairs."  If  the  stoppings  are  of  such  a  type  as 
has  been  found  in  practice  to  be  subject  to  destruction  by  shot 
firing,  explosions,  fires,  water,  etc.,  "emergency  repairs"  will  be 
required.  If  ah  leaks  through  the  stoppings  and  increases  the  vol- 
ume of  ventilation  required  of  the  fan,  the  amount  of  horsepower 
necessary  to  furnish  the  wasted  air  wiU  determine  the  cost  of  stop- 
ping inefiiciency,  or  the  "cost  of  air  leaks  through  stoppings." 

TYPES  OF  STOPPINGS. 

The  word  "stopping  "  as  here  used  denotes  a  wall  or  barrier  built  in  a 
crosscut  (termed  "cut-through"  or  "break-thi^ough"  in  Pennsylvania) 
to  prevent  air  from  passing  through.  The  word  "brattice"  denotes 
a  partition  budt  m  a  room  or  entry  to  conduct  the  air  from  the  last 
crosscut  to  the  face. 

A  great  many  types  of  stoppings  are  in  use  in  the  840  coal  mines 
m  Illinois,  the  types  varying  from  efiicient  concrete  stoppings  to 
inefficient  stoppings  constructed  of  powder  cans  and  coal  dust.  The 
data  m  Tables  2  to  12  relate  to  the  following  nine  types  of  stoppings: 

1.  Board  stopping,  rough  lumber. 

2.  Board  stopping,  tongue  and  groove. 

3.  Board  stopping,  planed  on  two  sides  and  painted. 

4.  Brick  stopping,  4-mch  wall. 

5.  Brick  stopping,  8-inch  wall. 

6.  Concrete  monolith,  8-inch  wall. 

7.  Concrete  blocks,  8-inch  wall. 

8.  Slate  or  gob,  dry  wall. 

9.  Slate  or  gob,  faced  with  cement. 
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The  list  indicates  the  scope  of  the  investigation  herein  reported. 
The  main  purpose  is  to  suggest  a  way  m  which  a  superintendent 
or  mine  manager  may  solve  mine-stopping  problems  by  substituting 
particular  values  for  those  given  in  the  tables. 

SIZES  OF  STOPPINGS. 

The  dimensions  of  stoppings  vary  as  follows: 

Height 4  feet  6  inches  to  9  feet. 

Width 8  feet  to  25  feet. 

Thickness 1  inch  to  20  feet. 

Average  surface  area 79  square  feet. 

The  variations  in  height  are  due  to  differences  both  in  the  thickness 
of  the  coal  and  in  the  physical  properties  of  the  beds.  In  some  of  the 
beds  a  strong  top  coal  is  left  as  the  roof  and  in  others  a  "draw  slate" 
above  the  coal  is  removed  in  minmg.  Otherwise  the  stopping  height 
is  usually  the  same  as  the  thickness  of  the  coal  bed. 

The  width  of  stoppings  varies  between  the  wide  limits  mentioned 
above  because  of  the  attempt  at  some  mines  to  reduce  the  yardage 
in  crosscuts  by  driving  them  full  width.  The  objections  to  that 
method  are  that  wide  areas  of  roof  are  left  unsupported  and  that 
wide  stoppings  increase  the  air  leakage.  Except  in  gob  stoppings, 
the  width  of  stopping  is  made  12  to  36  inches  wider  than  the  crosscut 
m  order  that  the  stopping  may  be  ''set  in"  a  groove  or  channel  which 
is  cut  in  the  rib  to  make  a  tight  joint. 

The  thickness  of  the  stopping  varies  with  the  material  of  which 
it  is  constructed,  and,  in  the  case  of  gob  stoppings,  with  the  amount 
of  waste  rock  made  in  entry  drivmg. 

As  crosscuts  in  Illinois  mines  should  have  an  area  of  not  less  than 
36  square  feet  when  usedfor  the  passage  of  air,  the  smallest  stopping 
will  have  a  surface  area,  including  the  groove,  of  about  50  square  feet. 
The  higher  limit  should  not  be  over  100  square  feet.  In  the  following 
tables,  all  data  relating  to  stoppings  are  reduced  to  a  common  basis, 
that  for  a  stopping  having  an  area  of  80  square  feet,  which  is  approxi- 
imately  the  average  size  of  Illinois  stoppings. 

NUMBER  OF  STOPPINGS  REQUIHED. 

In  the  usual  room-and-pillar  mine  in  Illinois,  where  the  coal  beds 
average  5^-  feet  in  thickness  and  crosscuts  are  driven  on  70-foot  cen- 
ters, the  building  of  two  entry  stoppings  for  every  acre  of  coal  bed 
developed  is  requhed.  In  that  State  in  1913  there  were  114  indi- 
vidual mines  with  an  output  of  more  than  200,000  tons  of  coal.  This 
output  required  at  each  mine  the  development  of  about  50  acres 
and  the  construction  of  100  new  entry  stoppings,  of  which  25  per  cent 
were  on  main  entries  and  75  per  cent  on  cross  entries. 
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Table  1  shows  the  averages  of  many  observations  made  to  deter- 
mme  the  total  number  of  stoppings  required  for  various  acreages 
developed,  and  the  total  number  of  main  and  cross-entry  stoppings 
in  actual  use  at  different  periods  in  the  development  of  a  mine. 

Table  1. — Number  of  mine  stoppings  required  for  increasing  mine  development. 


Total  mine  development  (acres). 


Number  of  stoppings. 


Main 
entry. 


Cross 
entry. 


Total. 


Number  of  stoppings  ia 
actual  use. 


Main 
entry. 


Cross 
entry. 


Total. 


100.. 
200.. 
300.. 
400.. 
500.. 
600.. 
700.. 
800.. 
900.. 
1,000 
1,500 
2,000 


50 
100 
1.50 
200 
2.50 
300 
3.50 
400 
450 
500 
7.50 
1,000 


150 

300 

450 

600 

750 

900 

1,050 

1,200 

1,350 

1,500 

2,2.50 

3,000 


200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

3,000 

4,000 


50 
100 
1.50 
200 
250 
300 
350 
400 
450 
500 
600 
800 


150 
300 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 


200 
400 
550 
600 
650 
700 
7.50 
800 
850 
900 
1,000 
1,200 


COST  OF  ERECTING  AND  MAINTAINING  STOPPINGS,  ON  A  YEARLY 

BASIS. 


FIRST   COST. 

Where  a  coal  bed  must  be  developed  by  expensive  shafts  it  is  con- 
sidered necessary  to  have  at  least  2,000  acres  tributary  to  each  hoist- 
ing shaft.  This  acreage  wiU  require  4,000  stoppings,  having  a  first 
cost  of  S20,000  to  S60,000,  a  fact  that  shows  how  heavy  an  item  in 
the  development  of  a  coal  mine  the  cost  of  stoppings  may  be. 

In  the  following  table  is  given  the  first  cost  of  nine  types  of  stop- 
pings. The  items  for  materials  and  labor  represent  the  average  figures 
determined  from  a  large  amount  of  information  submitted  by  coal 
operators.  For  each  stopping,  except  the  gob  type,  the  labor  item 
covering  the  building  of  the  stopping  includes  the  cost  of  cutting  a 
latch  or  groove  in  the  ribs  for  "setting  in"  the  stopping. 
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Table  2. — First  cost  of  erecting  nine  types  of  stoppings,  area  of  each  assumed  to  he  80 

{8  by  10)  square  feet. 


Kind  of  stopping. 

Cost  of  materials. 

Cost  of  labor. 

Total 

first 
cost. 

Item. 

Quantity. 

Kate. 

Amount. 

Item. 

Hours. 

Rate. 

Amount. 

Board,  rough 
lumber. 

Boards 

Nails 

Posts 

Total  .. 

O.lOboardfeet. 

1  pound 

4 

$25.00 
.04 
.08 

$2.50 
.04 
.32 

Delivery.. 
Building.. 
Calking... 

Total 

2 

10 
2 

$0. 32 
.32 
.32 

$0.64 

3.20 

.64 

2.86 

4.48 

87  34 

Boards 

Nails 

Posts 

Total.... 

O.lOboardfeet. 

2  pounds 

4 

35.00 
.04 

.08 

Delivery . . 
Building.. 
Calking . . . 

Total 

2 
10 

2 

.32 
.32 
.32 

Board,     tongue 
and  groove. 

3.50 
.08 
.32 

.64 

3.20 

.64 

3.90 

4.48 

8.38 

Boards 

Nails 

Posts 

Paint 

Total.... 

O.lOboardfeet. 
2  pounds 

4 

35.00 
.04 
.08 
.25 

Delivery . . 
Building . . 
Calking . . . 
Painting.. 

Total 

2 
10 
2 
2 

.32 
.32 
.32 
.32 

Board,  s2s, 
painted. 

3.50 
.08 
.32 
.25 

.64 

3.20 

.64 

.64 

4.15 

5.12 

9  27 

Brick 

Cement... 
Sand 

Total . . . 

0.7  thousand.. 

1 1  larrel 

0.4yard 

7.00 
2.00 

.42 

Delivery . . 
Building.. 

Total 

2 

8 

.32 
.32 

Brick,    4-i n oh 
wall. 

4.90 

2.00 

.17 

.64 
2.56 

7.07 

3.20 

10  27 

Brick 

Cement... 
Sand 

Total.... 

1.2  thousand.. 

1.81)arrels 

J  yard 

7.00 
2.00 

.42 

Delivery. . 
Building.. 

Total 

2 

14 

.32 
.32 

Brick,  8-inch 
wall. 

8.40 

3.60 

.31 

.64 
4.48 

12.31 

5.12 

17.43 

Cement... 

Sand 

Form, 
nails, 
tools,  etc. 

Stone 

Total.... 

1.2  barrels 

0.35cubicyard. 

2.00 

.42 

Delivery . . 
Building.. 

Total 

2 

20 

.32 
.32 

Concrete  mono- 
1  i  t  h,  8-inch 
wall. 

2.40 
.15 

1.50 

.48 

.64 
6.40 

0.95  cubic  yard 

.50 

4.53 

7.04 

11  57 

Blocks 

Cement . . . 
Sand 

90 

.05 
.30 
.10 

Delivery.. 
Building.. 

Total . . . 

2 
14 

.32 
.32 

Concrete  blocks, 

4.50 
.60 
.10 

5.20 

.64 
4.48 

8  by  8  by  16, 
8-inch  wall. 

2  sacks 

Total... 

5.12 

10  32 

Building.. 

Building.. 
Facing 

Total 

221- 

22i 

4 

.32 

.32 
.32 

Slate  or  gob,  dry 

7.20 

7  20 

wall. 

Cement . . . 
Sand 

Total.... 

0.7  barrel 

0.4  yard 

2.00 

.42 

1.40 
.17 

Slat  e  or  gob,  ce- 
ment-faced, 1- 

7.20 
1.28 

1.57 

8.48 

10  05 

In  order  to  show  the  annual  expense  necessary  to  bring  about  the 
amortization  of  the  first  cost  at  the  end  of  the  period  of  years  during 
which  service  is  lequired,  the  following  formula  may  be  used: 


Cr 


(l+r)°-l 

Where  C= First  cost  in  dollars  for  construction. 

n= Number  of  years  of  service  required  of  stopping. 
r= Current  rate  of  interest. 

a;=  Number  of  dollars  that  must  be  put  away  at  r  interest  which  wdll  yield  C 
dollars  in  n  years. 
and  aT=Annual  expense  necessary  to  yield  C  dollars  in  n  years. 
98251°— Bull.  99—15 2 
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With  the  aid  of  the  forinula,  Table  3  following  has  been  prepared 
to  show  the  annual  expense  necessary  to  amortize  first  costs  varying 
from  $5  to  $15  during  periods  of  service  of  3  to  20  years. 

Table  3. — A7i')U(al  expense  to  amortize  frst  cost  of  mine- ventilation  stoppings."' 


First  cost. 

Len 

gth  of  service,  years. 

3 

4 

5 

6 

7 

8 

9 

10 

15 

20 

S5 

$1.58 
1.89 
2.21 
2.53 
2.84 
3.16 
3.47 
3.79 
4.12 
4.42 
4.74 

$1.14 
1.37 
1.60 
1.84 
2.07 
2.30 
2.53 
2.74 
2.97 
3.20 
3.43 

$0.88 
1.06 
1.24 
1.41 
1.59 
1.76 
1.94 
2.12 
2.30 
2.47 
2.65 

$0.71 
.86 
1.00 
1.14 
1.29 
1.43 
1.57 
1.71 
1.86 
2.00 
2.14 

$0.59 
.71 
.83 
.95 
1.07 
1.19 
1.31 
1.43 
1.54 
1.66 
1.78 

$0.50 
.61 
.71 
.81 
.91 
1.01 
1.11 
1.21 
1.31 
1.41 
1.51 

$0.43 
.52 
.61 
.70 
.78 
.87 
.96 
1.04 
1.13 
1.22 
1.30 

$0.38 
.46 
.53 
.61 
.69 
.76 
.84 
.92 
.99 
1.07 
1.15 

$0.21 
.26 
.30 
.34 
.39 
.43 
.47 
.51 
.56 
.60 
.64 

$0.14 

$0. 

.16 

S7 

.19 

$8. 

.22 

$9 

.24 

$10 

.27 

$11 

.30 

$12 

.33 

$13 

-.35 

$14 

$15 

.38 
.41 

Cr 


«  Figures  calculated  from  f.irmula  ir=>.      ,  _.  • 

The  annual  sum  to  be  charged  to  amortization  of  the  first  cost  of 
the  nine  types  of  mine  stoppings  represented  in  Table  2  is  given  in 
Table  4  following : 

Table  4. — Annual  expense  to  amortize  first  cost  of  nine  types  of  stoppings. 


Kind  of  stopping. 


Hoard,  rough  lumber 

Board,  tongue  and  groove 

Board,  planed  on  two  sides  and  painted 

Brick,  4-inch  wall 

Brick,  8-inch  wall 

Concrete  monolith,  8-tnch  wall 

Concrete  blocks,  S-inch  wall 

Slate  or  gob,  in  dry  wall 

Slate  or  gob,  faced  1  inch  with  cement.. 


Annual 

sum  to 

Total  first 

amortize 

cost. 

first  cost 

for  period  of 

15  years. 

$7.34 

$0.31 

8.38 

.36 

9.27 

.40 

10.27 

.44 

17.43 

.74 

11.57 

.49 

10.  .32 

.44 

7.20 

.31 

10.05 

.43 

COST    OF   MAINTENANCE    OF    STOPPINGS. 

The  data  presented  in  Table  1  indicate  that  most  of  the  main- 
entry  stoppmgs  and  many  of  those  on  the  cross  entries  must  be  kept 
in  good  repair  in  order  that  the  ventilation  for  any  given  development 
may  be  maintained  in  accordance  with  the  State  mining  law.  In 
carelessly  constructed  stoppings  of  lumber  or  gob  material,  it  was 
frequently  found  that  the  maintenance  cost  amounted  to  $1  per 
stopping  per  year,  a  figure  that  is  larger  than  the  annual  expense  due 
to  the  first  cost  of  a  substantial  stopping  with  amortization  in  a 
15-year  period.  The  annual  maintenance  charges,  therefore,  assume 
importance  in  mine  economy. 
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The  cost  of  maintenance  is  usually  given  as  a  yearly  charge,  and 
in  that  form  may  be  combined  directly  with  other  cost  items  to  obtain 
the  total  annual  expense  of  stoppings.  Maintenance  charges  on 
nine  types  of  stoppings  are  given  in  Table  5. 

Table  5. — Annual  maintenance  charges  for  nine  types  of  stoppings. 
[Stoppings  8  l)y  10=80  square  feet;  lalior  at  32  cents  per  hour.] 


Eand  of  stopping. 

Nature  of  repairs. 

Frequency  of  repairs. 

Cost  of  repairs  per  annum. 

Material. 

Labor. 

Total. 

Board,  rough  him]  ;er 

Board,  tongue  and  groo\  e . 

Lumlier  replacement. . 
Calking 

Once  per  annum 

do 

$0.50 

$0.32 
..32 
.32 

.16 
.11 
.11 

.11 

1.28 
.64 

SO.  82 
.32 

Board,    planed    on    two 
sides  and  paint«d. 

Brick,  4  inches  thick 

Brick   8  inches  thick 

Calking  and  painting. . 

Cementing  on  ribs 

do          

Once  every  2  years 

Once  every  3  years 

Once  every  4  years 

do 

.20 

.10 

.08 
.08 

.08 

.52 

.26 
19 

do 

.19 

thick. 
Concrete  hlocks,  blocks  8 

....  do 

do  

19 

by  10  by  20  inches. 
Slate  or  gob  in  dry  wall 

Retartiping  at  top 

Once  every  6  months. . 

1.28 

Slate  or  gob  dry  wall, faced 
with  cement. 

Once  per  annum 

.25 

.89 

COST    OF   RENEWAL   REPAIRS. 

When  the  length  of  service  required  of  a  stopping  is  longer  than 
the  life  of  the  materials  used  in  construction,  renewals  will  be  neces- 
sary. The  average  main-entry  stopping  will  have  to  give  15  years 
of  service,  and  the  cross-entry  stopping  3  years.  The  choice  of  the 
type  of  stopping,  therefore,  should  follow  a  comparison  of  the  probable 
length  of  service  of  the  stopping  with  the  life  of  the  materials  to  be 
used  in  its  construction. 

Table  6  gives  data,  obtained  from  mining  companies  in  Illinois,  on 
the  life  of  the  materials  used  in  building  stopping,  and  oq  the  annual 
renewal  expense  necessary  for  a  period  of  15  years. 

Table  6. — Annual  expense  for  renewal  repairs  on  7iine  types  of  stoppings. 
[This  table  is  of  value  in  the  consideration  of  main-entry  stoppings.] 


Kind  of  stopping. 


Average 
life. 


Cost 
of  each 
renewal. 


Annual 

renew:)! 

expense 

for  period 

of  15  years. 


Board,  rough  lumber 

Board,  tongue  and  groove 

Board,  s2s,  painted 

Brick,  4  inches  thick 

Brick,  8  inches  thick 

Concrete  monolith,  8  inches  thick 

Concrete  Idocks,  blocks  8  by  10  by  20  inches 

Slate  or  gob  in  dry  wall 

Slate  or  gob  dry  wall,  faced  with  cement 

o  Or  more 


Years. 

3 

4 

5 

8 

115 

0  15 

a  15 

"15 

115 


$7.34 
8.38 
9.27 

10.27 


$1.24 
1.08 
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COST    OF    EMERGENCY   REPAIRS. 

Tlie  foregoing  discussion  of  renewals  deals  with,  the  depreciation 
of  stoppings  through  normal  mining  conditions.  There  are,  however, 
extraordinary  agencies  that  destroy  stoppings,  some  of  these  agencies 
partly  or  whoUy  WTecking  certain  types  of  stoppings  and  yet  in  no 
way  mjuring  other  types.  Such  agencies  are:  Fires,  windy  shots, 
blown-out  shots,  explosions,  local  roof  falls,  general  mine  squeezes, 
and  water. 

In  order  to  obtam  the  annual  expense  for  emergency  repairs  on 
the  different  kinds  of  mine  stoppings,  information  was  obtained  from 
coal  operators  regarding  the  number  of  stoppmgs  and  the  cost  of 
repairs  each  year  because  of  these  extraordinary  agencies.  The 
quotient  obtained  by  dividing  the  total  cost  by  the  number  of  stop- 
pings in  use  at  the  particular  mine  was  charged  to  each  stopping  as 
the  annual  cost  of  emergency  repairs.  For  example,  at  one  mme  the 
records  showed  that  18  stoppings  were  destroyed  by  windy  or  blown- 
out  shots;  the  cost  of  each  repair  averaged  $6.67;  the  total  cost  was 
$120.06;  and,  as  1,000  stoppings  were  in  use,  the  expense  to  be  dis- 
tributed over  each  stopping  was  12  cents  per  annum. 

A  compilation  of  the  information  obtained  on  the  annual  expense 
required  for  emergency  repairs  is  given  in  Table  7  following. 

Table  7. — Annual  expense  for  emergency  repairs  on  different  types  of  stoppings. 


Number  of  stoppings  destroyed  peramium,  per  1,000  in  use, 
by- 

Cost  of 
each, 
repair. 

Annual 

expense 

per 

Kind  of  stopping. 

Fires. 

Windy 
shots." 

BIOWTI- 

out 
shots. 

Explo- 
sions. 

Local 
falls. 

Squeezes. 

Total. 

stop- 
ping 
for 
emer- 
gency 
repairs. 

Board ,  rough  lumber 

Board ,  tongue  and  groove. 
Board ,  planed  on  two  sides 
and  painted 

2 
2 

2 
0 
0 

0 

0 
0 

0 

5 
5 

5 
2 
0 

0 

n 

0 
0 

5 
5 

5 
2 
0 

0 

0 
0 

0 

2 

2 
2 
2 

2 

2 
2 

2 
0 
0 

0 

0 
0 

0 

2 
2 

2 
1 
0 

0 

0 
0 

0 

18 
18 

IS 

2 
2 

$7.34 

8.38 

9.27 
10.  27 
17.43 

11.. 57 

10.  32 
7.20 

10.05 

$0.13 
.15 

.17 

Brick  ,'4  iiK-hes  thick 

Brick ,  8  inches  thick 

Concrete  monolith ,  8  inches 
thick 

.07 
.03 

.02 

Concrete    blocks,    blocks 

8  by  10  by  20  inches 

Slate  or  gob ,  in  dry  wall . . . 
Slate  or  gob  dry  wall,  cc- 

.02 
.01 

.02 

SUMMARY  OF  ANNUAL  EXPENSE  FOR  ERECTION  AND  MAINTENANCE  OF 

STOPPINGS. 

A  summary  of  the  data  in  Tables  4  to  7  gives  the  total  annual 
expense  for  erecting  and  maintaining  each  of  nme  types  of  stoppings 
during  a  period  of  15  years. 
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Table  8. — Summary  of  erection  and  maintenance  costs  of  stoppings,  reduced  to  the  annual 
expense  necessary  for  a  period  of  15  years. 


Kind  of  stopping. 


Board,  rough  lumber 

Board ,  tongue  and  groove 

Board,  planed  on  two  sides  and  painted . . . 

Brick,  4  inches  thick 

Brick ,  8  inches  thick 

Concrete  monolith ,  8  inches  thick. 

Concrete  blocks,  blocks  8  by  10  by  16  inche: 

Slate  or  gob,  in  dry  wall . . ." 

Slate  or  gob  dry  wall,  faced  with  cement.. . 


Annual  expense  for  15  years. 


First 
cost. 


0.31 
.36 
.40 
.44 
.74 
.49 
.44 
.31 
.43 


Mainte- 
nance. 


BO.  82 
.32 
.52 
.26 
.19 
.19 
.19 

1.28 
.89 


Renew- 
als. 


$1.24 
1.02 

.80 

.44 


Emer- 
gency 
repairs. 


$0.13 
.15 
.17 
.07 
.03 
.02 
.02 
.01 
.02 


Total. 


.$2.  .50 
1.85 
1.89 
1.21 
.96 
.70 
.65 
1.60 
1.34 


COST  OF  AIR  LEAKS  THROUGH  STOPPINGS. 

The  sole  purpose  of  a  stopping  is  to  prevent  the  air  of  the  venti- 
lating current  from  passing  through  the  crosscut  in  which  the  stop- 
ping stands.  The  Illinois  mining  law  specifies  the  minimum  amount 
of  air  that  must  be  delivered  to  each  man  per  minute.  With  a 
given  number  of  men,  therefore,  a  definite  quantity  of  air  per  minute 
should  pass  through  the  last  crosscut  of  each  split.  If  the  stoppings 
are  absolutely  tight,  the  horsepower  required  by  the  fan  to  furnish 
this  air  may  be  obtained  by  the  formula: 


ksv^ 
33,000 


Horsepower= 

Where  k=0.000,000,021,7« 

s=rubbing  surface  in  square  feet 
v==  velocity  in  feet  per  minute 

If  the  stoppings  are  not  tight,  air  wiU  leak  through  each  crosscut. 
The  amount  of  this  leakage  will  depend  on  the  area  of  the  hole  or 
crack  in  the  stopping  and  on  the  difference  between  the  air  pressures 
on  the  two  sides.  It  is  obvious  that  if  air  is  lost  before  it  reaches 
the  working  faces,  additional  air  must  be  delivered  by  the  fan  in 
order  to  have  the  desired  volume  reach  the  last  crosscut.  Inasmuch 
as  the  horsepower  required  to  move  the  air  varies  as  the  cube  of 
the  velocity,  a  serious  leakage  will  require  a  great  increase  of  horse- 
power to  move  the  larger  volume  of  air  at  the  higher  velocity.  At 
Illinois  coal  mines  a  horsepower  costs  about  $40  per  year,  including 
all  engine  and  transmission  losses.  Therefore,  if  the  quantity  of 
air  lost  be  known,  it  is  possible  to  figure  accurately  the  cost  of  tlie 
leaks  thi'ough  the  mine  stoppings.  This  cost  of  stopping  inefficiency 
should  be  charged  against  the  cost  of  stoppings  quite  as  much  as 
first  cost,  mamtenance  charges,  etc. 

o  The  value  of  k  is  empiric  and  is  based  on  investigation  by  J.  J.  Atkinson.  Other  investigations  have 
given  dilTerent  values.  The  friction  constant  should  vary  for  the  different  points  of  air  passage  in  the 
mine;  but  as  the  result  would  complicate  v,  ithout  seriously  alTecting  the  present  problem,  the  generally 
used  value  of  k  as  given  is  assumed  to  operate  continuously. 
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Table  9  gives  results  of  observation  made  in  Illinois  mines  to 
determine  the  general  efficiencies  of  mine  stoppings.  Tbis  table 
shows  for  each  mine  the  quantity  of  air  delivered  by  the  fan  and  the 
percentage  of  the  total  air  reaching  the  last  crosscut.  The  leakage 
is  surprisingly  large. 

Table  9. — Results  of  observation  of  actual  efficiencies  of  mine  stoppings. 


Mine 
^o 


County. 


Franklin . . . 

do 

do 

do 

do 

Williamson. 

do 

do 

do 

do 

Macoiipin . . 

do 

C'hristi.m... 
St.  Clair.... 

do 

Sangamon.. 


Fan. 


rvobinson. . . . 
I'addlewheel. 

Stevens 

Capell 

Paddlewheel . 

do 

Blakslee 

I'addlewheel. 

Serocco 

Paddlewheel. 

do 

Miller 

Paddlewheel . 

do 

do 

do 


Size  of  fan. 


Feet. 
18  by  8 


14 

20  by  7J 

21  by  6 


20  by  6 

21  by  6 
12 

12 


18  by  (i 
11  by  4 
16  by  4 
10  by  4 
10  by  5 


Quantity  of 
air  at  fan. 


Cubic  feet. 

119,533 

120,410 
05,300 

120,000 
04, 700 
59, 827 
90,000 
50, 400 
38, 100 
35,290 
77, 364 

160, 276 
28, 130 
90,000 
02, 240 
69,400 


Quantity  of 
air  at  last 
crosscut. 


Cubic  feet. 
18,232 
16, 737 

0,100 
40,000 
15,600 

7,035 
22, 140 

3,840 
12,300 

5.125 

9,000 
37, 672 

2,380 
12,000 
10, 950 
23,250 


Proportion 

of  air 

reaching 

crosscut. 


Per  cent. 
15.3 
13.9 

9.4 
33.3 
24.1 
11.7 
23.0 

7.6 
32.2 
14.5 
12.4 
23.5 

8.5 
13.3 
17.6 
33.5 


CONCRETE  EXAMPLE  OF  LEAKAGE  THROUGH  STOPPINGS. 

To  show  the  effect  of  leakage  of  air  through  stoppings  on  the 
required  horsepower  at  the  fan  to  dehver  a  given  volume  of  au  at  the 
last  crosscut  let  the  conditions  outlined  below  be  assumed.  The 
conditions  are  chosen  to  represent,  as  nearly  as  possible,  actual  mining 
conditions  in  Illinois. 

Area  developed,  acres COO 

Size  of  air  compartment  of  sliaft,  feet 6  by  10 

Depth  of  shaft,  feet 250 

First  split  of  air  at  foot  of  shaft;  secondary  splits  -iCO  fcot  from  shaft. 

Total  number  of  splits 4 

Height  of  entries,  feet 6 

Width  of  entries,  feet 10 

Number  of  men  on  each  split 80 

Total  number  of  men  in  mine 320 

Volume  of  air  required  at  last  crosscut  on  each  split,  cubic  feet  per 

minute -  9, 000 

Total  air  in  mine  at  last  crosscut,  cubic  feet  per  minute 3(5, 000 

Number  of  main-entry  stoppings  on  each  split 75 

Number  of  main-en trj^  stoppings  in  mine 300 

Number  of  entrj-  stoppings  in  use  on  cross  entries  in  each  split 100 

Number  of  cross-entry  stoppings  in  use 400 

In  figuring  the  total  horsepower  on  the  air  three  factors  must  be 
considered,  as  follows:  (a)  AU  the  air  dehvered  by  the  fan  passes 
through  both  the  air  shaft  and  the  hoisting  shaft;  (&)  one-half  the 
total  air  travels  each  way  from  the  foot  of  the  shaft  to  the  secondary 
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splittings;  (c)  one-quarter  of  the  total  air  passes  from  the  secondary 
splittings  to  each  of  the  four  splits.  In  the  present  problem  it  is 
assumed  that  no  air  is  lost  while  the  ventilation  current  is  passing 
from  the  fan  to  the  secondary  splitting. 

Table  10  shows  the  horsepower  required  on  the  air  under  varying 
ventilation  efficiencies  when  the  other  conditions  remained  as  as- 
sumed above.  The  term  "ventilation  efficiency"  in  this  table  repre- 
sents the  ratio  between  the  volume  of  air  reaching  the  last  crosscuts 
and  the  volume  dehvered  by  the  fan.  In  this  particular  problem  it 
represents  the  efficiency  of  4  lines  of  75  main-entry  stoppings  in 
preventmg  the  leakage  of  air  through  the  crosscuts  in  which  these 
stoppings  are  built. 

Table  10. — Horsepower  required  for  different  efficiencies  of  stoppings. o- 


Percentage  of  air  delivered  by  fan  that  reaches  last  crosscut. 

Section  of  mine.'' 

100  per 
cent. 

50  percent. 

40  per  cent. 

30 percent.  20percent. 

10  per  cent. 

Shaft  (a=  60;  0-32;  i=500): 
Quantity  of  air,  cubic  feet 
per  minute ....         

36,000 

GOO 
2.27 

18,000 

300 
0.45 

9,000 

150 
6.96 

72,000 

1,200 
18.18 

36,000 

600 
3.64 

18,000 

300 

27.84 

90,000 

1,500 
35.51 

45,000 

750 
7.10 

22,500 

375 
43.50 

120,000 

2,000 
84.17 

60,000 

1,000 
16.84 

30,000 

500 
77.33 

180,000 

3,000 
284.07 

90,000 

1,500 
56.82 

45,000 

750 
174.00 

300,000 
6  Olfl 

Velocity  of  air,  feet  per  min- 
ute  

Horsepower  required 

Shaft  bottom  to  secondary  splits 
(a=  60;  0=32;  i=400): 
Quantity  of  air,  cubic  feet 
per  minute 

2, 27:^.  1,0 

180,000 

3,0(X) 
454. 52 

90,000 
1  500 

Velocity  of  air,  feet  per  min- 
ute  

Horsepower  required 

Four  separate  splits  (a=  60;  o= 
32;!  =24,500): 
Quantity  of  air,  cubic  feet 
per  minute 

Velocity  of  air,  feet  per  min- 
ute  

Horsepower  required 

695. 99 

Total  horsepowerrequired. 

9.6S 

49.  66  1            86. 11 

178. 34 

514.89 

3,423.11 

Cost  at  $40  per  horsepower. 

$387.20 

$1,986.40       $3,444.40 

$7, 133. 60 

$20,595.60 

$136,924.40 

a  Efficiency  is  considered  100  per  cent  when  all  the  air  from  fan  travels  throughout  the  mine.  When 
efhciency  is  less  than  100  per  cent  all  the  air  is  assumed  to  travel  through  a  distance  equal  to  I  multiplied 
by  the  figure  for  the  percentage  of  air  reaching  the  last  crosscut. 

6a=area;  o=rubbing  surface;  Z=  length  of  entry. 

DATA    ON    COST    OF    AIR    LEAKS    THROUGH    STOPPINGS. 

METHOD    OF    OBTAINING   DATA. 

In  obtaining  the  data  and  in  making  the  computations  for  deter- 
mining the  cost  of  horsepower  lost  by  the  leakage  of  air  through  mine 
stoppings  the  following  method  was  used: 

In  the  entry  or  part  of  an  entry  chosen  the  stoppings  were  all  of 
the  same  type  of  construction  and  the  travel  of  the  air  was  confined 
to  the  entry.  The  stoppings  were  examined,  and  their  number,  type, 
cost,  condition,  etc.,  were  recorded.  The  volumes  of  air  passing  the 
starting  and  the  finishing  points  on  the  entry  were  carefuUy  measured. 
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COMPUTATIONS    MADE. 


The  difference  between  the  volume  at  the  starting  point  and  that 
at  the  finishing  point  was  taken  to  represent  air  lost  through  the 
stoppings.  As  all  the  stoppings  were  of  the  same  type  in  each  test 
and  as  their  number  was  small,  it  was  assumed  that  the  air  leaked 
equally  through  each  stopping. 

From  a  series  of  tests  an  average  figure  was  obtained  to  represent 
the  volume  of  air  that  under  normal  conditions  would  pass  through 
each  of  the  different  types  of  stoppings.  The  volume  varied  widely 
for  each  type  because  of  differences  in  air  pressures  and  in  tightness. 
The  average  values  were  used  in  figurmg  the  stopping  costs  in  the 
example  cited  above.  It  was  assumed  that  one-half  of  all  air  "lost" 
in  traveling  through  the  mine  was  short-circuited  through  doors. 

Table  11  shows  the  average  volume  of  ah  lost  tlu'ough  each 
stopping,  the  resulting  total  mine  efficiency,  and  the  annual  cost  of 
air  leakage  for  each  of  nine  types  of  stoppmgs. 

Table  11. — Cost  of  air  leaks  through  stoppings  of  various  types. 


Kind  of  stopping. 


Ventilation 

Air  leak- 

efficiency 
of  entire 

stopping 

mine. 

per 
minute. 

Per  cent. 

Cubic  feet. 

15 

340 

25 

180 

35 

171 

70 

26 

85 

10 

90 

6 

90 

6 

20 

240 

35 

171 

Annual 
cost  of  ail' 


per 
stopping. 


Board,  rough  lumber 

Board,  tongue  and  groove 

Board,  planed  on  two  sides  and  painted 

Brick,  4  inches  thick 

Brick,  8  Inches  thick 

Concrete  monolith ,  8  inches  thick 

Concrete  blocks,  blocks  8  by  10  by  20  inches 

Slate  or  gob  dry  wall 

Slate  or  gob  dry  wall,  faced  with  cement 


$74. 49 

19.06 

8.04 

1.48 

.95 

.83 

.83 

34.33 

8.04 


SUMMARY   OF    COSTS    OF   ERECTION    AND   MAINTENANCE    OF    STOPPINGS. 

Table  12  gives  the  total  yearly  expense  for  each  of  the  nme  types  of 
stoppings.  It  should  be  remembered  that  the  figures  apply  to  mines 
in  which  100  cubic  feet  of  air  per  man  per  minute  is  delivered  to  the 
last  crosscut  on  each  main  split,  and  where  approximately  200,000 
tons  of  coal  is  produced  per  annum.  In  smaller  mines  the  cost  of 
air  leaks  might  be  less,  owing  to  lower  ventilating  pressures. 

Table  12. — Annual  expense  for  each  main-entry  stopping  having  a  length  of  service  of 
15  years,  in  mine  tvith  annual  production  of  200,000  tons. 


Kind  of  stopping. 


First 
cost. 


Cost  of 
mainle- 
najQce. 


Cost  of 
renewal 
repairs. 


Cost  of 
emer- 
gency 
repairs. 


Cost  of 
air  leaks. 


Total. 


Board,  rough  lumber 

Board,  tongue  and  groove  (well  calked). 

Board,  s2s,  painted  (well  calked) 

Brick,  4  inches  thick 

Brick,  8  inches  thick 

Concrete  monolith,  8  inches  thick 

Concrete  blocks,  8-tnch  wall 

Slate  or  gob,  in  dry  wall 

Slate  or  gob,  dry  wad,  faced  with  cement 


$0.82 
..32 
.52 
.26 
.19 
.19 
.19 
1.28 


$1.24 
1.02 


$0.13 
.14 
.15 
.07 
.03 
.02 
.02 
.01 
.02 


19.06 

8.04 

1.48 

.95 

.83 

.83 

34.33 

8.04 


$76. 99 
20.91 
9.93 
2.69 
1.91 
1.53 
1.48 
35.93 
9.38 
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DESCRIPTIONS  OF  VARIOUS  TYPES  OF  STOPPINGS. 
GOB    STOPPINGS. 

Most  of  the  stoppings  in  Illinois  are  built  of  gob  material.  The 
dimensions  vary  as  follows:  Height,  4^  to  7 J  feet;  length,  6  to  25 
feet;  thickness,  6  to  20  feet.  Generally  the  gob  material  is  merely 
thrown  into  the  crosscut;  frequently  one  or  both  sides  are  built  up 
with  a  dry  wall  of  "slate;"  sometimes  the  wall  is  laid  in  cement  or 
is  luted  with  clay,  and  occasionally  a  concrete  exterior  is  made  by 
building  a  form  about  12  inches  m  front  of  the  wall  and  tamping 
concrete  in  the  space  thus  obtamed. 

The  following  general  objections  apply  to  the  use  of  gob  material 
for  stoppings : 

1.  The  labor  item  in  the  first  cost  is  high  (see  Table  13).  Except 
where  the  hoistmg  equipment  is  overcrowded  in  handling  the  coal 
output,  the  gob  material  in  excess  of  the  storage  room  underground 
could  be  more  cheaply  handled  by  loading  it  into  cars  and  dumping 
it  into  some  form  of  conveyor  on  the  surface  by  means  of  a  deflecting 
bottom  in  the  weigh  pan. 

2.  The  maintenance  is  usually  expensive,  costing  from  60  to  90 
cents  per  stopping  per  year. 

3.  In  time  of  danger,  the  gob  stopping  is  not  tight  enough  to  seal 
off  fires,  leaves  much  debris  to  be  cleaned  up  after  an  explosion,  is 
not  packed  tight  enough  to  assist  in  preventmg  the  spread  of  a  mine 
squeeze,  and  usually  contains  much  dry  coal  dust,  which  aids  in  the 
propagation  of  an  explosion. 

4.  A  large  volume  of  air  leaks  through  a  gob  stoppmg. 

Plate  I;  ^,  shows  a  gob  stopping  6  feet  thick  and  faced  on  each 
side  with  a  dry  wall  of  "slate"  and  roof  coal.  Some  stoppings  of 
this  type  showed  a  leakage  of  air  amounting  to  1,300  cubic  feet  per 
mmute  per  stopping. 

In  one  mine,  because  of  a  serious  leakage  of  air,  each  of  the  gob 
stoppings  was  coated  with  12  inches  of  clay.  After  the  clay  had 
dried,  it  cracked  badly  and  allowed  the  air  to  pass.  The  stopping  was 
then  plastered  with  wood-fiber  cement  as  shown  in  Plate  II,  A,  the 
result  being  decidedly  satisfactory.  At  a  total  cost  of  $1.60  per 
80  square  feet  of  stopping,  the  air  leakage  was  reduced  to  28  feet 
per  stopping. 
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Table  13,  showing  labor  costs  for  building  gob  stoppings  of  differ- 
ent sizes,  follows: 

Table  13. — Cost  of  labor  for  huilding  gob  stoppings 
of  different  sizes. 


Area. 

Depth. 

Cost  of  labor. 

Per  stop- 
ping. 

Per  square 
foot. 

Per  80 
square  feet. 

Square  feet. 
55 
90 

132 
84 
60 
36 

143 
52 

147 

lS7.i 

Average.. 

Feet. 
8 
5i 
9 
9 

87.59 
10.50 
14.25 
8.49 
5.29 
2.62 
9.25 
3.37 
7.86 
13.10 

$0. 138 
.117 
.108 
.101 
.088 
.073 
.065 
.065 
.054 
.070 

$11.04 
9.36 
8.64 
8.08 
7.04 
5.82 
5.18 
5. 18 
4.32 
5.60 

6 
6 
6 
12 

.088 

7.04 

BOARD    STOPPINGS. 

Board  stoppings  are  widely  used  in  Illinois  coal  mines.  They  may 
be  easily  and  cheaply  built  and  are  suitable  for  the  crosscuts  in  short 
butt  entries  and  for  the  break-throughs  in  rooms.  On  main  entries 
where  the  ventilating  pressure  causes  a  high  water  gage,  the  cost  of 
air  leaks  in  board  stoppings  is  large;  and  at  places  where  the  period 
of  service  is  over  3  years,  the  maintenance  charges  and  the  renewal 
repairs  are  costly. 

Tongue-and-groove  boards  are  often  substituted  for  rough  lumber 
in  order  to  obtain  tight  stoppings,  and  may  be  given  additional  life 
by  painting.  The  importance  of  tight  joints  is  evident.  Tongue- 
and-groove  lumber  and  wood-fiber  plaster  are  materials  that  can  be 
used  to  build  tight  stoppings ;  but  in  usual  practice  stoppings  made 
of  smooth  boards  are  leaky.     There  are  two  reasons  for  leakage. 

In  the  first  place,  plaster  will  not  adhere  firmly  to  smooth  boards 
that  are  subjected  to  the  vibration  mcideiit  to  mining  operatioi^s. 
Even  if  the  plaster  would  adhere,  little  could  be  gained  in  plastering 
the  surface  of  the  stopping.  Tongue-and-groove  boards  will  not  leak, 
and  paint  is  a  far  better  preservative  than  plaster.  Wood-fiber  plaster, 
however,  is  necessary  at  the  joints  where  the  stopping  touches  the 
ribs,  roof,  and  floor,  and  at  those  joints  a  roughened  surface  must  be 
offered  in  order  that  the  plaster  will  hold.  Roughening  may  be  ac- 
complished by  scratching  the  surface  of  the  stopping  with  a  sharp 
pick;  or  better  still  by  nailing  a  strip  of  lath,  prop  bark,  or  rough 
wood  within  1  inch  of  the  four  edges  of  the  stopping. 

In  the  second  place,  many  board  stoppings  leak  because  the  at- 
tempt has  been  made  to  build  them  without  cutting  a  V-shaped 
groove  into  the  rib  to  hold  the  cement. 
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A.     GOB  STOPPING  FACED  WITH   DRY  WALL  OF  SLATE  AND   ROOF  COAL. 


B.     CONCRETE-BLOCK   STOPPING. 


DESCRIPTIONS    OP    VARIOUS    TYPES    OP    STOPPINCiS. 


19 


Figure  1  shows  a  method  for  making  a  tongue-and-groove  stopping 
efficient  as  long  as  the  wood  hists. 

Plate  II,  B,  shows  a  rough-lumber  stopping  coated  with  wood- 
liber  cement.  The  loss  of  air  through  such  a  stopping  was  112  cubic 
feet  per  minute,  being  considerably  less  than  through  an  uncoated 
stoppmg. 

Figure  2  shows  a  rough-board  stopping  that  differs  somewhat  from 
the  usual  type.  The  boards  are  nailed  to  the  props  like  clapboards 
on  a  house  except  that  they  are  upside  down.  The  upper  edge  of 
each  board  is  beveled  and  offers  a  recess  which  holds  mortar  much 
more  securely  than  w^hen  plastered  on  the  face  of  an  ordinary  stopping. 

A  cheap  and  efficient  stoppmg  for  room  entries  may  be  constructed 
by  nailing  Berkytt  lath  to  props  and  covering  the  lath  on  the  intake 
side  with  a  ^-inch  coat  of  wood  fiber.     The  Berkytt  lath  are  boards, 


^ 


a  - 


Figure  1.— Properly  constructed  stoppiBg  made  of  tongue-and-groove  lumber.    Note  braces  and  grooves 

cut  into  ribs. 

on  one  surface  of  which  grooves  are  cut  for  the  retention  of  the  wood 
fiber. 

The  items  that  enter  into  the  ffi'st  cost  of  a  stopping  of  this  Idnd 
are  reported  as  follows  for  a  size  7§  by  9  feet: 

Material : 

Wood  fiber,  ]00  pounds ?0.  40 

Byrkett  lath,  70  square  feet,  at  |11.50  per  1,000 81 

Props,  3  at  8  cents 24 

Nails 05 

?1.  50 

Labor: 

Setting  props  and  nailing  lath,  4  hours  at  35 J  cents 1.  42 

Mixing  wood  fiber  and  plastering,  4  hours  at  35 J  cents L  42 

2.84 

Total 4.  34 
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In  the  figure  for  total  cost,  no  allowance  is  made  for  cost  of  delivery 
of  materials  from  the  mine  entrance  to  the  crosscut  in  which  the 
stopping  is  to  be  built,  and  no  item  is  given  for  the  cost  of  cutting  the 
latches  or  grooves  in  the  ribs.  In  order  that  the  figm'e  for  total  cost 
may  be  compared  with  those  given  in  Table  2,  the  following  additions 
should  be  made: 

Total  cost  as  above  for  area  of  67^  square  feet $4.  34 

Addition  for  larger  stopping,  80-square-foot  area 80 

Addition  for  delivery  of  material 64 

Addition  for  cutting  groove  in  ril^s 64 


Total 6.  42 


Figure  2.— Rough-board  stopping,  inverted  clapboard  type. 
BRICK    STOPPINGS. 

In  a  few  mines,  bricks  are  used  in  building  efficient  stoppings. 
Operators  report  that  except  in  locations  where  brickyards  are  close 
to  the  mines,  it  is  cheaper  to  use  concrete  than  brickwork  for  perma- 
nent stoppings. 

At  one  mine  where  8-inch  brick  stoppings  were  shaken  down  by  the 
shooting,  a  remedy  was  suggested  by  George  S.  Rice,  chief  mining 
engineer  of  the  Bureau  of  Mines.  A  double-arched  stoppmg  was 
built,  each  arch  being  4  inches  thick,  and  the  two  arches  being  op- 
posed and  touching  at  the  center,  as  shown  in  figure  3.  The  space 
between  the  walls  was  filled  with  dirt  and  clay  lightly  tamped. 


DESCKIPTIONS    OF    VARIOUS    TYPES    OF    STOPPINGS. 
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In  many  mines,  concrete  is  the  most  suitable  material  for  use  in 
the  construction  of  efficient  stoppings  in  the  crosscuts  between  main 
air  passageways.  Concrete  stoppings  may  be  constructed  at  reason- 
able first  cost,  they  have  low  maintenance  charges,  they  are  durable, 


Figure  3. — Plan  of  arched  brick  stopping. 

incombustible,  and  unaffected  by  water,  and  they  have  a  high  bearing 
strength  to  assist  in  supporting  the  roof. 

The  installation   costs   as  reported  by  several  operators   are   as 
follows : 

Table  14. — First  costs  of  concrete-block  stoppings. 


Size  of  blocks. 

Cost  of 
blocks. 

Cost  of 
cement 
mortar. 

Cost  of 

delivery 

into 

mine. 

Cost  of 
buiMing 
stopping. 

Total 
first 
cost. 

Height. 

Length. 

Breadth. 

Inches. 

8 
12 
10 

8 
8 
8 

Inches. 
20 
24 
20 
18 
16 
16 

Inches. 
5 

8 
6 
6 

8 
8 

$3.96 
8.36 
2.16 
6.57 
4.10 
3.28 

$0.31 
.36 
.32 
.37 

.52 
.52 

$0.71 
.71 
.71 
.71 
.71 
.71 

$0.24 
7.25 
5.46 
2.84 
2.62 
2.84 

$10. 22 
16.68 
8.65 
10.49 
7.95 
7.35 
10.74 

Ave 

rage  cost 

4.74 

.40 

.71 

4.38 

10.29 

At  many  mines,  where  care  has  been  used  in  the  construction  of 
the  joint  at  the  roof  and  the  ribs,  there  have  been  no  maintenance 
charges.  At  one  mine  it  was  reported  that  this  item  amounted  to  5 
cents  per  annum  per  stopping,  based  on  an  expenditure  of  50  cents 
per  year  for  every  10  stoppings. 

Renewal  repairs  are  unnecessary  in  concrete  stoppmgs  because, 
under  ordinary  mining  conditions,  the  life  of  a  concrete  stopping  is 
longer  than  the  period  during  which  service  is  required. 
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There  is  available  little  information  on  the  annual  cost  of  emergency 
repairs  for  concrete  stoppings.  One  operator  reports  that  10  per 
cent  of  such  stoppings  are  each  year  affected  by  heavy  shots  and  re- 
quu-e  repairs  amounting  to  50  cents  each.  Most  operators  find  no 
occasion  for  emergency  repairs.  A  nearby  windy  or  blown-out  shot, 
or  a  general  mine  explosion,  is  usually  the  only  extraordinary  agent 
that  destroys  such  stoppmgs ;  and  even  then  the  wreckage  from  them 
is  small  and  is  easil}^  cleaned  up,  and  most  of  the  blocks  are  suitable 
for  reuse.  When  the  bottom  is  soft  and  has  a  tendency  to  heave,  it 
has  been  found  advisable  to  lay  the  foundation  course  of  cement  blocks 
at  a  right  angle  to  the  other  blocks  in  order  that  a  larger  bearing 
surface  may  be  obtained. 

The  methods  and  appliances  used  in  the  manufacture  of  cement 
blocks  at  the  mine  are  described  by  S.  O.  Andros  in  Bulletins  4  and  6 
of  the  Illinois  Coal-Mining  Investigations. 

Plate  I,  B,  shows  an  efficient  cement-block  stopping. 

LINE    BRATTICES. 

In  a  few  mines  in  southern  Illinois,  where  some  of  the  entries  are 
being  driven  into  gaseous  territory,  line  brattices  are  constructed  in 
order  to  conduct  the  ventilating  current  from  the  last  crosscut  to 
the  working  face.  In  mine-rescue  and  mine-recovery  work  it  is 
often  necessary  to  use  line  brattices  to  expedite  the  movement  of  a 
body  of  afterdamp.  Except  for  such  work,  line  brattices  are  seldom 
used  in  Illinois  coal  mines. 

Plate  III,  B,  shows  the  outer  or  crosscut  end  of  a  hne  of  brattice 
in  the  Bureau  of  Mines  experimental  mine,  at  Pittsburgh,  Pa.,  and 
Plate  IV  shows  the  inner  or  face  end  of  the  same  brattice.  Wlien 
a  line  of  brattice  cloth  is  run  from  the  last  crosscut  to  the  face  of  an 
entry  that  contains  explosive  or  noxious  gases,  a  miner  should  nail 
the  canvas  on  the  intake  side  to  avoid  danger  from  the  gases. 

ROCK-DUST-PROTECTED    STOPPING. 

A  rock-dust-protected  stopping  has  been  designed  by  George  S. 
Rice,  chief  mining  engineer  of  the  Bureau  of  Mines,  for  checking 
explosions  that  may  pass  through  a  crosscut.  In  one  explosion  test 
at  the  bureau's  experimental  mine  it  prevented  an  explosion  from 
entering  the  butt  headings,  and  in  other  tests,  when  placed  in  cross- 
cuts, it  prevented  the  explosion  in  one  butt  from  passing  into  the 
parallel  butt  entry.  The  construction  of  the  stopping  and  method 
of  erection  are  fuUy  described  in  Technical  Paper  84  «  of  the  bureau. 

The  stopping  is  a  double  one,  as  shown  in  figure  4.  The  principle 
is  that  when  pressure  from  a  slight  explosion  is  thrown  on  the  stop- 

a  Rice,  G.  S.,  and  Jones,  L.  M.,  Methods  of  preventing  and  limiting  explosions  in  coal  mines:  Technical 
Paper  84,  Bureau  ol  Mines,  1915,  pp.  32-35. 
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A.     ROCK-DUST-PROTECTED   STOPPING. 


B.     OUTER  OR  CROSSCUT  END  OF  LINE  BRATTICE,  BUREAU  OF  MINES  EXPERIMENTAL  MINE. 
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INNER  OR  FACE  END  OF  A  LINE   BRATTICE. 
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Ding,  half  of  it  goes  out  and  the  other  half  is  left  in  position  with 
some  dust  on  the  shelves  to  extinguish  a  delayed  flame.  In  case  of 
a  very  violent  explosion,  the  whole  stopping  goes  out  at  once  and  the 
rock  dust  extinguishes  the  flame.  This  type  is  adapted  for  use  with 
any  kind  of  a  solid  stopping  as  a  core,  or  it  may  bo  used  by  itself. 
The  construction  is  simple  and  is  not  expensive  at  muies  where 
fine  inert  dust  is  avadable;  such  as  fme  ashes,  or  the  fine  screenings 
from  limestone  quarries,  which,  in  Illinois,  can  be  purchased  for  $1 
to  $2  per  ton.  The  curtains  prevent  the  dust  from  becoming  damp 
under  ordmary  mining  conditions.     In  especially  wet  mines  it  may 
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SECTION    a-b 

Figure  4.— Rock-dust-protected  stopping  designed  by  Bureau  of  Mines. 

be  necessary  to  put  waterproofing  over  the  stopping  so  that  the 
water  may  be  deflected  to  one  side  or  the  other.  Galvanized-u'on 
sheets  may  be  used  or  the  walls  may  be  plastered  with  neat  cement. 
Plate  III,  A,  shows  the  rock-dust-protected  stopping  as  erected 
at  the  bureau's  experimental  mine. 

COLLAPSIBLE    STOPPING. 

A  great  deal  has  been  written  about  the  use  of  collapsible  stop- 
pings which  would  go  out  at  the  instant  of  an  explosion  and  thus 
relieve  the  pressure  of  the  explosion  wave.  The  writer  beheves  that 
the  arguments  for  and  against  the  use  of  these  stoppings  are  not 
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conclusive,  and  that  the  initiation  of  an  explosion  should  be  pre- 
vented by  the  use  of  permissible  explosives,  by  efficient  humidifica- 
tion,  and  by  ample  ventilation  to  prevent  the  accumulation  of 
pockets  of  methane,  rather  than  that  recourse  should  be  had  to  a 
ffimsy  stopping  which  will  permit  the  leakage  of  air  required  for  the 
well-being  of  the  men  at  the  face.  If  it  is  thought  best  to  use  a 
collapsible  stopping  the  rock-dust  stopping  previously  described 
accomplished  the  purpose  sought  and  also  furnished  means  of  extin- 
guishing that  branch  of  the  explosion  that  blew  down  the  stopping. 

CONCLUSIONS. 

One  of  the  most  obvious  conclusions  from  the  inspection  of  several 
hundred  stoppings  is  that  the  efficiency  of  a  mine  stopping  to  prevent 
the  leakage  of  air  depends  more  on  the  care  with  which  the  joints 
are  made  than  on  the  material  that  is  used  in  construction.  Some 
concrete  stoppings  were  found  to  leak  large  quantities  of  air  because 
they  were  not  set  into  the  rib,  and  new  tongue- and-groove  stoppings 
were  tight  when  carefully  constructed.  The  amortised  first  cost  is 
a  small  item  when  compared  with  the  maintenance  and  efficiency 
charges,  and  the  cost  of  cutting  a  latch  in  the  rib  is  only  a  small 
part  of  the  initial  expense.  The  preparation  of  grooves  in  the  ribs 
should  therefore  always  precede  the  erection  of  stoppings. 

A  general  protest  is  being  made  against  high  velocities  in  the 
ventilating  currents  in  coal  mines.  The  practical  facts  on  which 
this  protest  is  based  are  as  follows: 

1.  The  amomit  of  power  required  to  move  a  given  volume  of  air 
increases  directly  as  the  cube  of  the  velocity.  If  leaky  stoppings 
make  it  necessary  for  the  fan  to  deliver  4  times  as  much  air  as  would 
be  required  if  the  stoppings  were  tight,  the  cost  of  the  power  to 
move  the  larger  volume  of  air  would  be  64  times  that  for  the  smaller 
volume. 

2.  As  the  temperature  and  the  relative  humidity  of  the  upcast  at 
any  mine  are  approximately  constant  throughout  the  year,  the 
quantity  of  moisture  extracted  from  the  dust  wiU  vary  directly  with 
the  quantity  of  air  in  circulation.  If  therefore  the  fan  furnishes  4 
times  as  much  air  as  would  be  required  if  the  stoppings  were  efficient, 
the  amount  of  water  extracted  from  the  mines  during  cold  weather 
would  be  increased  nearly  fourfold.  The  drying  out  of  coal  mines  in 
the  winter  causes  a  dangerous  condition  to  exist  in  the  event  of  a 
blown-out  or  windy  shot  or  the  ignition  of  a  pocket  of  gas. 

3.  The  weight  of  fine  dust  that  is  in  suspension  in  the  mine  air 
varies  approximately  as  the  cube  of  the  velocity  of  the  ventilating 
current.  This  relation  has  been  established  by  W.  H.  Carrier,  chief 
engineer  of  the  Buffalo  Forge  Co.,  in  experiments  to  determine  the 
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weight  of  material  which  can  be  handled  by  velocities  above  the 
critical  speed.  The  greater  the  velocity  of  the  air,  therefore,  the 
larger  will  be  the  amount  of  fine  coal  dust  that  will  be  in  suspension 
and  deposited  evenly  along  the  entry  way  ready  to  assist  in  the 
propagation  of  an  explosion  throughout  the  mine. 

It  is  evident  that  mine  economy  and  mine  safety  require  that 
stoppings  slong  the  main  air  passageways  should  be  efficiently 
installed  and  maintained. 
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